Quantum mechanical motion of a particle in a dislocated crystal is formulated in terms of a path integral in a Riemannian space by using the continuum description of a deformed crystal.
Recently, Kawamura developed a theory of scattering of an electron in a crystal due to the presence of dislocations. ' ) One of the essential features of dislocated crystals is the lack of global translational symmetry although the local features of such crystals are not different from those of perfect crystals. The consequence of this feature is that locally the quantum propagation of an electron is in the form of a plane wave; namely if the phase of the wave is once determined at a lattice point, then it is also determined uniquely at other lattice points in the neighborhood. However, in a global sense, the phase of the wave is not uniquely determined in dislocated crystals. It depends on the path along which the wave propagates. Thus the mismatching of phases of waves, which have propagated along different paths, takes place at a lattice point where the waves meet each other. Detailed description of such an interesting feature is given in Kawamura's paper in the case of screw dislocations. ' ) In this paper, we discuss this problem in a general framework by using the continuum description of deformed crystals. Suppose a particle moves in a deformed crystal, whose deformation is described in terms of a strain field ;3o,(x). Namely, when two points at x and x + dx in a perfect crystal are displaced by amounts u and u + tiu respectively with du i = PJ' (x) dxj, we call the resulting crystal a deformed crystal with a strain field ;30i( x )2) Suppose a particle moves over a small distance dx in a deformed crystal. Then the particle is considered to move over a distance dy, whose components are given by with (2) in a local perfect crystal, which is obtained by relaxing the local deformation given by the strain tensor ;3j, (x) . The number of atoms along each crystallographic axis which the moving particle sees is proportional to the component of the vector dy along the corresponding axis. Therefore, if the phase change of the wave function of the moving particle is governed by the number of atoms along each crystallographic axis which the particle sees as a consequence of a tightbinding Hamiltonian of the particle motion on a lattice,')·3) the distance which influences the quantum propagation is (tiy')2, that is, (3) where ( 4) Hence we may call the deformed crystal a Riemannian space with the metric tensor gu( x) defined above') Furthermore, we define the coefficient of connexion by (5) where L1 i;(X) is the inverse matrix of Yii(X),
A curve whose tangential line is always parallel is given by
which is equivalent to d[dxiYii(X)J=O, namely, d( dyi) = 0, which describes a straight line in the perfect crystal obtained by relaxing the local deformation of the deformed crystal.
On the assumption that the particle behaves quantum-mechanically as a free particle in the local perfect crystal, in which the displacement is given by dy, we may construct the quantum propagation in the form of a path integral. Let us consider a path y ( r) of the motion of the particle, starting from a given initial condition y( 0) = yo. Then, the quantum mechanical amplitude of paths which go through these gates at all instants of time is given byS)
In order to express this amplitude in terms of the real space coordinates Xi, we first note that (y(rW=gii(x(rl) ii(r)ii(r) and gates in the y-space is transformed into gates in the x-space by introducing the Jacobian J,
The Jacobian J is obtained by first noting that Eq. 
+ l' dr' O'Xi( r'){r.n;(x( r'» -rI'.(x( r'»} i'( r')Yni(X( r'». (8)
The Jacobian is the determinant of the matrix whose ( 
z'r ).(jr') component is O'yi( r) /O'Xi( r'). Here we suppose that the indices of rows and columns are the pairs (i r). By using the formula det(
+ ...... l, we obtain the following expression of the Jacobian:
where Y( x) is the determinant of the 3 x 3 matrix Yh(X) and ri~(X)-rki(X) is a torsion tensor. Thus we arrive the final expression for the amplitude of the quantum propagation of a particle starting from the initial condition x( 0) = Xo and arriving at x( t) = x at time t in the form of a path integral The argument above can be applied immediately to the diffusion process in a distorted lattice. Suppose a particle performs a random walk on the lattice. The particle jumps from one site to a neighbouring site with constant frequency even if the distance between the neighbouring sites is changed by the deformation of the lattice. The diffusion process in the continuum limit of the lattice corresponds to the situation of the above argument. The conditional probability of finding the particle in the interval [x', x'
] at time t with the condition that the particle was at Xo at time t =0 is just G(x,
, where G( x, Xo; t) is given in Eq. (10) with the replacement of (i/h)( m /2) by-l/4D where D is the diffusion constant in the perfect crystal.
The formula (10) is quite general; once we know the strain tensor field fL(x), we may calculate the quantum mechanical propagation as well as the diffusion process propagation in a dislocated crystal. On the other hand, to evaluate the path integral in an analytic form is complicated in general.
The simplest case is the case in which there are only rectilinear lines of screw dislocations in one direction, say, along the x 3 -axis. In this case, the strain tensor has only two non-vanishing components, !313( x) and !323( x) and they depend on Xl and x 2 only. Obviously the determinant ,(x) is unity, ,(x) = 1, and non-vanishing coefficients of connexion are r,~(X)=-a!3i3(X)/axi, where i=l, 2 and j = 1, 2. Hence the quantum propagation G(x, Xo; t) is given in the form of a path integral,
(ll) which can be alternatively written as Furthermore by introducing the delta-function, we arrive at a rather familiar form + i 2( r) !323( x( r))))].
(13)
Thus the "Lagrangian" is just the Lagrangian for a charged (charge e) particle in a vector potential field given by eA I ( x) = htl!313( x), eA 2 (x)==htl!3dx) and eA3(x)=0. Detailed analysis will be reported in a forthcoming paper.7) We just mention here that the problem of a single screw dislocation is reduced to the problem of topological constraint on polymer entanglement discussed by Edwards.
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